Despite a shift toward nonoperative management (NOM) of blunt liver trauma, severe injuries continue to require operative management. Our objective was to examine current trends of NOM for severe blunt liver injury from a national perspective.
T he management of hepatic trauma during the era of modern medicine has changed considerably, from the initial advances in surgical treatments developed in the 19th century through the aggressive operative approaches in the postY World War II until the late 1980s when major philosophical change challenged the standards of care toward a nonoperative approach.
Nonoperative management (NOM) of liver injuries was already suggested by experimental observations in animals by Tellman in 1879 and clinical experience by Hinton 1 in 1926 who described that most bleeding from liver injuries will spontaneously cease. Yet, this approach was not used in adults until several decades later based on several factors including reports of NOM in children initially on splenic and later on liver injuries, acknowledgement of a high rate of nontherapeutic laparotomies in blunt hepatic injuries, and development of imaging techniques, specifically CT scan, that allowed not only diagnosis but also grading of liver injuries and the possibility of exclusion of intestinal injuries. 2 Moreover, the advent of endovascular techniques made possible the inclusion of hepatic arterial embolization (HAE) in the algorithms of hemodynamically stable patients, with reported 90% success rate of control of bleeding and reduction of the need for blood transfusion. 3 This dramatic shift in the management of solid organ injuries toward a nonoperative approach has improved survival in these patients, becoming the new standard of care for most liver injuries. 4, 5 Despite this, several concerns have been raised regarding the increasing use and possible overuse of NOM in both splenic and liver injuries. 2, 4 ,6Y8 Current success rates of NOM for hepatic trauma ranges from 82% to 100%. However, a quarter of patients with blunt hepatic injury who are initially managed nonoperatively will require an intervention for complications. 5, 9 Some reported predictors of failure of NOM include hypotension at admission, high-grade injuries, and need for blood transfusion. 10 Although the popularity of NOM for liver injuries has grown, there is little evidence addressing the true success rates of NOM in high-grade liver injuries and outcome trends over time.
The objective of this study was to describe the current trend and outcomes of NOM for severe isolated blunt liver injuries from a national perspective. Secondary objectives were to identify factors that predict failure of NOM to allow for optimal patient selection.
PATIENTS AND METHODS
Patients were identified in the National Trauma Data Bank research data set versions 7 and 8 from 2002 to 2008. Inclusion criteria for patients were blunt mechanism and liver injury with Abbreviated Injury Scale (AIS) score of 4 or greater. Liver injuries were identified using AIS codes (541699.9; 541810.2,.9; 541812.2,.9; 541814.2,.9; 541820.2,.9; 541822.2,.9; 541824.2,.9; 541826.2,.9; 541828.2,.9; 541830.6; 541840.4; 541899.2). Patients were excluded if they had concomitant intra-abdominal solid organ injury or pelvic fracture with AIS score of 3 or greater. These exclusionary injuries were similarly identified using AIS codes for splenic injury (AIS 5442XX), renal injury (AIS 5416XX), and pelvic injury (AIS 8526XX). Patients were also excluded if they died within 6 hours in the emergency department (ED). These exclusion criteria were prespecified to limit confounding of laparotomy, angioembolization, or early mortality for other abdominal or pelvic injuries because the indication for procedures in the setting of multiple intraabdominal injuries was not available in the data set.
Patients were then classified according to early management in the first 6 hours after arrival to the trauma center. Patients undergoing laparotomy or other open liver procedure in the first 6 hours were considered to have received operative management (OM). The remaining patients without surgery in the first 6 hours were considered to have attempted NOM. Operation was determined using DRG International Classification of DiseasesV9th Rev. (ICD-9) procedure codes (54.11, 54.19, 54.12, 50.0, 50.2Y50.8, 50.99). The OM and attempted NOM groups were compared in univariate analysis. Patients undergoing initial NOM were further dichotomized into successful NOM defined as no operation during admission and failed NOM defined as laparotomy or open liver procedure during admission after 6 hours. The successful and failed NOM groups were further compared in univariate analysis. In addition, for each subject undergoing attempted NOM, data on whether the subject underwent HAE and the timing of the procedure were collected. Determination of HAE was also made using the ICD procedure codes (38.80, 38.86, 38.87, 38.29).
Cox proportional hazards regression was used to determine the independent association of attempted NOM outcome with 30-day in-hospital mortality after controlling for age, sex, ethnicity, liver AIS score, Injury Severity Score (ISS), hypotension, abnormal respiratory rate, Glasgow Coma Scale (GCS) score of less than 8, and trauma center level. KaplanMeier survival analysis was also performed for successful versus failed NOM to explore the time course of any differences in outcome. Subsequently, forward stepwise logistic regression was used to determine independent predictors of failed NOM. The previously mentioned covariates as well as undergoing HAE were entered into a forward stepwise model with p G 0.2 required to retain the covariate in the final model.
The annual rates of attempted and failed NOM were compared during the study period by calendar year. The study years were also divided into early (2002Y2005) and late (2006Y2008) periods based on the relative number of patients contributed over each available calendar year, and rates of NOM, successful NOM, and HAE use were compared. Finally, the annual rates of attempted and failed NOM were compared during the study period by calendar year in patients who experienced hypotension, defined as a lowest recorded systolic blood pressure of less than 90 mm Hg while in the ED.
Data analysis was conducted using SAS JMP version 7.0 (Cary, NC) and SPSS version 19 (Chicago, IL 
RESULTS
There were 3,627 patients identified with blunt isolated liver injuries with AIS score of 4 or greater. Of these, 234 (7%) were excluded because they died in the ED less than 6 hours, and 16 (0.5%) were excluded because the timing of operation was unavailable. In the remaining patients, median age was 26 years (18Y41 years), ISS was 29 (20Y38), and overall mortality was 20%. Liver AIS score was 4 in 88%, 5 in 11%, and 6 in 1%.
In the study population, 20% of the patients underwent early OM within 6 hours for liver injury, while 73% underwent attempted NOM (Fig. 1) . Early OM compared with attempted NOM had higher mortality, admission hypotension, and more severe liver injury (Table 1) .
Successful NOM occurred in 93% of the patients. Within this group, 97% underwent no procedure, and 3% underwent HAE. There were 177 patients (7%) who did not undergo OM but died at greater than 6 hours from admission. Of these, 167 (94%) underwent no procedure, and 10 (6%) underwent only HAE. In this small group of patients, 75% of deaths were attributed to adult respiratory distress syndrome, pneumonia, and sepsis. The remaining major causes of death in order included acute renal failure, acute myocardial infarction, and coagulopathy. Only one patient (0.5%) died of ongoing hemorrhage without undergoing any procedure.
Failed NOM occurred in 6.5% of the patients. Within this group, 76% underwent surgery only, and 24% underwent both surgery and HAE. Failed NOM compared with successful NOM had higher mortality, admission hypotension, but no difference in liver injury severity (Table 2) .
Of patients undergoing HAE in the successful NOM group, 73% had the procedure within the first 6 hours, and 26% had the procedure after 6 hours ( Fig. 1 ). In the failed NOM group, patients who underwent HAE underwent the procedure before surgery in 75%, after surgery in 5%, and simultaneously in 8%, with unknown timing in 12% (Fig. 1) .
In Cox regression, failed NOM was independently associated with 30-day in-hospital mortality after controlling for confounders (hazard rate, 1.7; 95% confidence interval, 1.1Y2.6; p = 0.01). In Kaplan-Meier analysis, survival curves for successful NOM and failed NOM separate in the first 24 hours and continue to separate during the subsequent week from admission (Fig. 2, p G 0.01) . In logistic regression, increasing age, male sex, increasing ISS, hypotension, decreasing GCS score, and undergoing HAE were independent predictors of failed NOM (Table 3) .
The rates of attempted NOM and failed NOM both significantly increased during the study period (Fig 3, p G 0.01) . When divided by study period, 1,607 patients (44%) were in the early period, while 2,020 patients (56%) were in the late period. When compared with the early study period, NOM increased significantly (74% vs. 81%, p G 0.01), HAE use declined (5% vs. 3%, p = 0.02), and there was no significant difference in the success of NOM (95% vs. 93%, p = 0.12) in the late study period.
An increasing proportion of hypotensive patients underwent initial NOM during the study period with a concomitant sharp increase in failed NOM (Fig. 4, p G 0.01) . When compared with the early study period, NOM increased significantly (40% vs. 50%, p = 0.01), as did failed NOM (5% vs. 16%, p = 0.02) in the late study period for patients with hypotension.
DISCUSSION
As described in previous works, more than 95% of blunt hepatic trauma is managed nonoperatively with a success rate between 80% and 100%. 2, 4, 5, 11 However, many of these series include milder liver injuries, which are known to have a success rate close to 100%. The current investigation limits the study population to liver injuries with AIS grade of 4 or greater, whereas some authors have included injuries with AIS grade of 3 in the definition of severe liver injury. Previous reports have demonstrated that liver injuries with AIS grade of 3 have similar outcomes to patients with AIS grades 1 and 2. Thus, the current data likely better reflect outcomes of NOM in severe liver injuries. Figure 2 . Kaplan-Meier survival curves for outcome of NOM over initial 30-day in-hospital. Log-rank test for difference in survival curves is significant (p G 0.01).
In this population of severe liver injuries, 20% of the patients underwent early surgical intervention. When comparing the OM group's demographics and characteristics with the NOM group, it is evident that patients who received surgery upfront where older, sicker, with a higher ISS, and largely hypotensive. This clearly explains the significant difference in survival between these groups.
Few reports focus on the success of NOM in severe liver injuries. Hurtuk et al. 11 reported a success rate of 76.6%, 69.3%, and 62.3% for Grades 3, 4, and 5, respectively, with a failure rate for attempted NOM of 2.3% across all AIS grades. The authors used a 12-hour window to define NOM and did not describe the attempted and failed NOM rates in the subset of severe liver injury. In our study, we identified that 6.5% of the 2,639 patients with initial NOM failed this approach and required surgical intervention during their admission, with more than 90% of patients treated successfully with NOM. A multicenter study of Grade 4 or 5 blunt liver injuries demonstrated a 91% success rate, similar to the current data. 12 Of the patients undergoing NOM in this study, 7% died. While mortality should not be considered ''successful'' NOM, this small subgroup of patients died of late complications such as adult respiratory distress syndrome, pneumonia, acute kidney injury, and sepsis. Only one patient died of hemorrhage in this group. Whether these deaths could have been prevented with surgical management cannot be determined using the National Trauma Data Bank (NTDB).
The use of HAE in the NOM of liver injuries has been described by several groups; 3 ,13Y15 yet, there are no large series characterizing its use and outcome in severe liver injuries. In our study, HAE was used in 111 of 2,639 patients who underwent initial NOM alone, before, or after surgical intervention. It was used in 3% in the successful NOM group and in 24% of patients who failed NOM. Of the patients who underwent HAE before surgical intervention, 30% required subsequent operation. It is unclear why these patients required surgical intervention; however, it is concerning that a significant proportion may have required further intervention for hemorrhage that HAE may not have adequately controlled. These patients represent nearly 25% of the patients in the failed NOM group. Hepatic vascular injuries are more frequently seen in high-grade liver injuries, and some authors have proposed routine angiography. 16, 17 In this large series of patients, less than 5% of patients required HAE, and it is unclear what benefit may have been derived by these patients with severe liver injury. In addition, the availability and success rates of HAE may vary widely by individual institution. This may partially account for the decline in HAE seen during the study period as initial enthusiasm in the early study waned and only centers with consistently available and experienced providers continue to regularly use HAE for severe liver injury. Furthermore, advancements in cross-sectional imaging quality may lead to more selective use of HAE in the later study population. Of note, this database does not permit ascertainment of the therapeutic maneuvers used during HAE. This combined with the low number of HAE identified overall represents a limitation in describing HAE in this group.
It has been suggested by some authors that failed NOM does not affect mortality.
11,18 Conversely, we found that failure of NOM independently increases the risk of death after controlling for confounders when compared with the group of successful NOM. Failure of NOM also increased the total length of stay (LOS) and intensive care unit (ICU) LOS. This likely translates into increased costs although no direct cost analysis was undertaken in this study. Because of the negative implications associated with failed NOM of severe liver injuries, patient selection becomes of paramount importance. Several predictors were identified using multivariate regression to help guide decisions regarding attempted NOM in this population of patients. Male sex resulted in a 73% increase in the odds of failed NOM. Each year, increase in age and ISS point resulted in a 2% increase in the odds of failed NOM. Each point increase in GCS translated into an 8% decrease in the odds of failed NOM. Hypotension was associated with a twofold increase in the odds of failed NOM, while undergoing HAE was associated with a sevenfold increase. Careful consideration should be given when these factors are present to early OM. This study is not the first to describe hypotension at admission as a predictor of failed NOM. 3, 19 For these reasons, NOM management has been promoted with the caveat that patients must be hemodynamically stable. 20, 21 Unexpectedly, 9% of all the patients in the arm of initial NOM presented with hypotension in the ED. Not surprisingly, when failed NOM patients were compared with successful NOM patients, hypotension was twofold higher in the failed NOM group. From the current data, it is difficult to establish whether these patients were responders to fluid resuscitation, transient responders, or patients in shock. Despite this, it is concerning that a significant number of patients with severe liver injury and hypotension were offered NOM. It is equally concerning that the trend at a national level reflected an increasing proportion of hypotensive patients with severe liver injury being offered initial NOM over time.
The current national trend reveals an increase in attempted but also failed NOM in severe liver injuries over time. The literature documents well the increased use of NOM for solid organ injury during the last 20 years, but the current study is the first to show an increase in the failure rate over time in a cohort of severe liver injuries. The potential overuse of NOM has been expressed by other authors. 4, 6, 22 The current data at the national level reflect that pendulum may have swung too far. Defining an acceptable failure rate for NOM of severe liver injuries is essential but beyond the scope of the current study. These data, however, should invite us to adopt a critical position when evaluating this approach. Better patient selection may have an impact not only in the failure rate but also in the mortality associated to failure of NOM.
This study has several limitations for consideration. First are those inherent to a retrospective design. Second are those outlined by American College of Surgeons' Committee on Trauma for use of the NTDB. 23 The advantage of the NTDB is access to a large number of patients in a national sample; however, the caveat is the limited number of variables accessible for analysis. This limits the type of data that can be used to control for potential confounders and the outcomes that can be examined. Of particular note is the inability to examine transfusion requirements in this data set. This study relies on complete and accurate coding of AIS and ICD-9 codes for capturing injuries and procedures. We found a relatively low number of HAE in this study population, which may be a limitation of the coding to identify these patients, restricting the conclusion we can draw regarding the role of HAE in this group. Furthermore, we do not have any information regarding the indications for either surgery or HAE and can only draw limited inferences regarding this. Moreover, we selected isolated liver injuries, which may limit generalizability for our study population. The purpose was to exclude other injuries that could be confounders responsible for hypotension, need for angioembolization or laparotomy, and mortality.
In conclusion, NOM for isolated severe blunt liver injury is increasing nationally with similar increment in failure. Failed NOM was associated with higher mortality rate. Independent predictors of failed NOM include increasing age, male sex, increasing ISS, decreasing GCS score, hypotension, and undergoing HAE. Given these factors and the increased use of NOM in hypotensive patients, better patient selection may allow for improved outcomes in patients with severe isolated blunt liver injury. AUTHORSHIP P.M.P., J.B.B., and J.L.S. designed the study, performed the literature search, and data collection. J.B.B. performed the data analysis. All authors contributed to data interpretation, manuscript preparation, and critical revision of the manuscript.
